ABSTRACT
Introduction
endometriosis is a common, benign and estrogen-dependent gynecological disorder, which is chronic and is associated with pelvic pain and infertility. It is defined as the presence of endometrial glands and stroma outside the uterus, mainly on the pelvic peritoneum, on the ovaries, and in the rectovaginal septum (4) . the condition affects up to 10 % of the women of reproductive age (11) . Although endometriosis and normal eutopic endometrium might be similar in histology, many differences in gene and protein level expression, steroid pathway, cytokine signaling, have been found (17) . So far, the precise etiology of endometriosis remains unknown, with the most widely accepted pathogenesis theory being the Sampson's one (15, 16) . According to this theory, the disorder might originate from retrograde menstruation of viable endometrial cells through the fallopian tubes into the peritoneal cavity where they implant on the peritoneal surface or pelvic organs.
evidence from numerous investigations indicates that endometriosis develops as a result of specific molecular characteristics of the peritoneal environment and in particular, of the peritoneal fluid (PF) (5, 8, 9, 14) . Since peritoneal fluid reaches the site of human oocyte fertilization, it could contribute to the outcome of this process (2, 7) . hence, changes in the characteristics of the peritoneal fluid might affect the natural conception. the mammalian decidua is a highly specialized structure and develops after trophoblast invasion triggered differentiation of the endometrial stromal cells, having the major function to guarantee the best conditions for embryo implantation and placentation (10) .
in the present study we investigated whether endometriosis peritoneal fluid might violate the decidualization of normal endometrial stromal cells in an in vitro model, and sought target factors which play a role in it.
Materials and Methods
All biological materials (PFs, tissues) were collected after receipt of written informed consent from the patient, according to the requirements of the Ethics committees of the Second Municipal Hospital for Obst/Gyn "Sheinovo" PLS, Sofia, Bulgaria, and that of Ob/Gyn Hospital "Dr. Shterev", Sofa, Bulgaria. . When the cells reached 80 % to 90 % confluence, induced decidualization was initiated with steroid hormone-supplemented media (Sigma): 17-β-estradiol (10 -8 mol/l), medroxyprogesterone (10 -6 mol/l) and 8-bromo-cyclic adenosine monophosphate (8-bromo-cAMP) (0.5 mmol/L) in 2 % charcoal-stripped Fetal Bovine SerumDulbecco's modified Eagle's medium (2 % FBS-DMEM); and it was maintained for 10 days, with culture medium being collected every 48 h. Successful decidualization was validated by monitoring the prolactin (PRl) secretion and endometrial cell morphology. PRl concentrations were measured with the Access Prolactin kit and Access Immunoassay System (Beckman coulter, cA). the test sensitivity is 0.25 ng/ml and the precision has a coefficient of variation (CV) of <10 %. the decidualized cells in the test group were additionally supplemented either with non-endometriotic or with endometriotic PFs. A control group of endometrial cells was cultured with no hormone-supplemented media; and another control of decidual cells was cultured in hormonesupplemented media, without PFs added.
ENDOMETRIOSIS PERITONEAL FLUID FACTORS INVOLVED IN THE ALTERATION OF DECIDUALIZATION PROCESS

Two-dimensional gel electrophoresis (2D-PAGE)
The PF samples (ePF, n = 6 and nPF, n = 6) contained proteins with an isoelectric point (pI) of 4-7 and molecular weights (MW) ranging from 20 kDa to 193.5 kDa. the proteins were separated with 2D-PAGe, combining isoelectric focusing in the 1 st dimension and SDS-PAGE in the 2 nd dimension. Aliquot samples containing 65 µg of total protein (pH = 8.5) were loaded into Precast IPG Immobiline Dry Strips (pH 4-7, 13 cm, GE Healthcare). Following the manufacturer's procedure, the strips were subjected to isoelectric focusing using ettan iPGphore 3 (Ge healthcare). the focused strips were buffer equilibrated and subjected to 2 nd dimension separation by SDS-PAGE, where the proteins were transferred to a 12 % polyacrylamide gel in a standard dual cooled vertical unit (SE 600 Ruby; GE Healthcare), without the use of stacking gel. Analytical gels were silver-stained with ProteoSilverPlus Stain Kit (Sigma) and digitalized at 300 dpi resolution (Image Scanner III, GE Healthcare) with the specialized gel-scanning and processing software LabScan (GE Healthcare).
Analysis of protein expression
Spots differential analysis of the protein gel was done with imageMaster 2D Platinum 7.0 (Ge, healthcare) software. Gels were compared for differences in protein expression based on the normalized percent volume of the spots, (%Vo) = (spot volume/volume of all spots in the gel)×100. the MW and pi of each spot in the clusters were approximated based on MW marker and isoelectric focusing strip pi values.
Bioinformatics statistical analysis the variations in protein expression among the gels were evaluated through gel matching. the analytical methods used included scatter plots, descriptive statistics, histograms, and factor analysis.
Database search the putative protein targets corresponding to the individual protein spots (defined by their pI, MW, and %Vo) on the gel were identified with the ExPASy tool Tagident. the putative protein IDs were filtered and the Gene Ontology (GO) network was enriched, using the Functional Annotation tool of the DAVID system.
Results and Discussion
Using medroxyprogesterone (10 -6 mol/l) in combination with 17-β-estradiol (10 -8 mol/l) and 8-bromo-cAMP (0.5 mmol/l), we were able to induce decidualization of human endometrial stromal cells in vitro. ten days after the initiation of the decidualization process, morphological changes were easily detected in our endometrial stromal cell cultures, with demonstrated multi-layering, and increased vacuolization, mimicking the in vivo decidual transformation (Fig. 1) .
the functional modulation of the decidualized stromal cells was characterized by their PRl secretion. to trace the influence of ePF on the decidualization process, ePF and control nPF were used in three different concentrations of hormone-supplemented media: 1 %, 5 % and 25 %. As shown in Fig. 2 , there was a decrease in the secretion of prolactin (12.4 ± 0.0412) during treatment with ePF as compared to either treatment with nPF or any of the other two control groups -endometrial stromal cells control (treated only with 2 % DMeM), or decidual cells control (treated with steroid hormones and cAMP in 2 % DMeM). these results clearly demonstrate that the decidualization process in HESCs was inhibited in the presence of ePF. On the other hand, the level of secreted PRl was highest when ePF was added at 25 % concentration. this fact could explain the presence of a large amount of growth factors, normally existing in the peritoneal environment.
These findings motivated us to seek factors in the ePF that could impede normal decidualization, resulting in infertility of patients with endometriosis. For that purpose, a 2D-PAGe approach was chosen to identify the specific proteins that could differentiate the 2D gels of PFs of endometriotic women from those of non-endometriotic ones. Therefore, the protein profiles of PFs from both groups of patients were compared (Fig. 3) .
the mean number of PF protein spots per gel was approximately equal (357 ± 30). no protein spot was consistently ( ≥90 % of the cases) present in PF of women with endometriosis and absent in PF of control subjects. Similarly, no protein spot was uniquely present in PF of control subjects. totally, 74 protein spots were consistently presented in PF of women with and without endometriosis. A scatter plot for matched spots (protein spot match iDs) was drawn with imageMaster Platinum to analyze for disparities in stain intensity of the spots on the two gels (groups). the linear dependence relationship between the spot values on the endometriosis gel vs. those on the reference non-endometriosis gel was assessed using a best fit-line through the data points, with a correlation coefficient of 0.58 (Fig. 4) .
The population of endometriosis-specific sample spots was distinguished using factor analysis (FA) (Fig. 5) applied on the densitometry and morphological parameters of the detected spots. the factor projection plot displays the projection of each protein spot match iD (cross) and each gel (blue vector) on the two factorial axes, showing the relationships between endometriosis and non-endometriosis gel spot populations in terms of associations with specific spot patterns. The factors are ranked in order of importance, the first ones generally being the best for characterizing the gels and matches that behave similarly. The most significant matches are displayed on the projection plot; the further away a spot is from the origin, the more likely it is for this spot to be important in terms of characterizing the Fig. 3 . ImageMaster Platinum densitometric comparison of the protein spot profiles of silver-stained 2D-PAGE gels of PFs of endometriosis (ePF) patients (A) and non-endometriosis (nPF) patients (B). on the right gel, the spots of the two gels are overlapped. gels. The endometriosis-specific protein expression profile was determined by the matched spot iDs: 29, 36, 70, and 56; while the matched spot iDs determining non-endometriosis were: 7, 6, 66, and 65. the coordinates of each of the gels were projected on the axes and are listed in the factor projection table (Table 1) , with the first axis generally correlating with the protein abundance, and the second axis related to the ratio between the mean spot values in the population of each gels. the protein spot matches at the top of the table are also those with the highest relative volumes ( Table 1) . Table 2) .
The GO terms "membrane receptor", "Toll-like receptor pathway" and "NFκB pathway" were significantly enriched in the set union of the FA-derived putative protein targets. the most putative pathway found by probabilistic Go enrichment of the union of all eventual proteins that could be regarded as potential eventual targets, using the protein spots information, was already pointed out as very important in endometriosis pathogenesis: Ponce et al. (13) demonstrated that the nuclear factor kB pathway and interleukin-6 are affected in eutopic endometrium of women with endometriosis. it is not surprising that il-6 was found to be affected in eutopic endometrium after nFkB pathway activation, especially since we found the toll-like receptor pathway to be enriched, and it is known to be an upstream nFkB activator.
Conclusions
We demonstrated that the decidualization process of HESCs inhibits their PRl secretion in the presence of ePF, suggesting that ePF could possibly impede the normal decidualization, eventually resulting in infertility in endometriosis patients. An integrated 2D-PAGe semi-quantitative densitometry, factor analysis of protein spot matches, and Gene ontology network enrichment in corresponding putative protein targets, allowed for retrieval of series of differentially regulated pathways in ePF that might have an impact on the development and establishment of endometriosis or might be a subject of differential regulation due to endometriosis itself. in addition, the aberrant integrin expression (1), involved in adhesion interactions may trigger the cell surface receptor-linked signal transduction pathways, which we found to be enriched, for subsequent cell proliferation, differentiation and invasion that are necessary for disease progression.
